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© An end connector system for connecting a plu- 
rality of filter units in series has first and second end 
connectors secured to the ends of filter units. Each 
end connector has a base with a sealing surface and 
a connecting portion for engagement with the con- 
necting portion of another end connector. The con- 
necting portions have overlapping surfaces that over- 
lap in the radial direction of the bases when the 
connecting portions are engaged with one another. A 
seal member is disposed between the first and sec- 
ond end connectors and is pressed into sealing 
contact with the sealing surfaces of the bases by a 
compression-generating member such as a tie rod. 
When the seating surfaces are in sealing contact 
with the seal member, the overlapping surfaces of 
the connecting portions are separated from one an- 
other. As a result, all forces for producing a liquid- 
tight seal between the end connectors are generated 
by the compression-generating member and not by 
the end connectors themselves. 




FIG. I 
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This invention relates to filter units having end 
connectors for connecting a plurality of filter units 
end to end in series so that the filter units can be 
conveniently installed in and removed from a filter 
housing. 

In many filtration systems, filter units are dis- 
posed inside a filter housing that defines the flow 
path into and out of the filter units. In some ap- 
plications, the filter housing can be very deep. 
Although it is possible to manufacture a single filter 
unit having a length corresponding to the depth of 
the filter housing, such a filter unit would require 
different manufacturing processes or equipment for 
each specific length of filter unit manufactured. 
Therefore, filtration systems commonly employ a 
modular concept in which a plurality of short filter 
units are manufactured and then connected end to 
end at the time of installation to form a stack of 
filter units having the necessary length. The stack 
is referred to by the number of filter units it con- 
tains. For example, a stack of two, three, or four 
filter units connected together in this manner is 
called a two-high, a three-high, or a four-high stack. 
Some filter housings may require only a single 
filter unit, which may then be referred to as a one- 
high stack. The modular concept is popular among 
filter manufacturers because it reduces the number 
of different lengths of filter units that need to be 
manufactured and kept in inventory. 

When a plurality of filter units are connected 
together in a stack, it is necessary to form a fluid- 
tight seal between adjacent filter units. Various 
arrangements have been proposed in the past for 
connecting the filter units of a stack so as to obtain 
a fluid tight seal. In some arrangements, adjoining 
filter units are welded together. In other arrange- 
ments, adjoining filter units in a stack are mechani- 
cally connected by separate coupling members, 
each being individually connected to the end cap 
of each filter unit. Such connections rely on the 
strength of the coupling members to form a fluid- 
tight seal between the filter units, which results in 
the coupling members and the end caps of the 
filter units being undesirably heavy. Furthermore, 
since a fluid-tight fit is attained between the filter 
units by the coupling members, the dimensions of 
the coupling members and the end caps must be 
extremely accurate. Consequently, they are expen- 
sive to manufacture. The need for separate cou- 
pling members and end caps also increases manu- 
facturing and installation costs. In addition, the cou- 
pling members may protrude into the path of fluid 
flow through the filters and increase the resistance 
to flow. 

Accordingly, the present invention provides a 
filter unit comprising a filter element having first 
and second ends; first and second end connectors 
respectively positioned at the first and second ends 



of the filter element, each end connector including 
a sealing surface and a connecting portion having a 
latch member; and a seal positioned at the sealing 
surface of at least one of the first and second end 

5 connectors, the first end connector being connec- 
table to a second end connector of an identical 
filter unit by an engagement of the connecting 
portions of the end connectors in which the latch 
members overlap in a radial direction, the first and 

10 second end connectors being arranged such that 
contact between the latch members applies insuffi- 
cient force on the seal to provide a fluid tight 
connection between the filter units. 

The invention further provides a filter system 

15 comprising a first filter unit having a first end con- 
nector which includes a first sealing surface and a 
first connecting portion having a latch member; a 
second filter unit having a second end connector 
which includes a second sealing surface and a 

20 second connecting portion having a second latch 
member, the second end connector being con- 
nected to the first end connector by an engage- 
ment of the connecting portions in which the latch 
members overlap in a radial direction; a seal dis- 
ss posed between the sealing surfaces of the first and 
second end connectors, contact between the latch 
members of the first and second end connectors 
applying insufficient force against the seal to pro- 
vide a fluid-type connection between the filter units; 

30 and a compression-generating member coupled to 
the filter units and arranged to press the sealing 
surfaces of the first and second end connectors 
into sealing contact with the seal member. 

In structures embodying the invention, the 

35 forces for producing a fluid-tight seal between the 
end connectors are preferably generated solely by 
the compression-generating member and not by 
the end connectors themselves. Furthermore, the 
forces acting on the end connectors to produce 

40 sealing are compressive forces acting normal to 
the bases of the end connectors rather than bend- 
ing or shear forces. Therefore, the structure of the 
end connectors can be extremely light. In addition, 
the fit between the end connectors is not critical for 

46 obtaining a fluid-tight seal between end connectors, 
so the end connectors can be inexpensively manu- 
factured. 

In preferred embodiments, the end connectors 
of the filter unit are secured to the ends of filter 

so elements and serve as end caps for the filter 
elements. Further, the filter unit preferably ihcludes 
two seals, one positioned at the sealing surface of 
each end connector. The filter unit is thus fully 
equipped and ready for immediate installation in 

55 the filter housing, whether the filter housing re- 
quires a one-high stack or a multi-high stack. 

Figure 1 is a longitudinal cross-sectional view 
of a first embodiment of a filter system comprising 
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two filter units connected end to end. 

Figure 2 is a cross-sectional view of two mated 
end connectors of the embodiment of Figure 1 . 

Figure 3 is a plan view of the male end con- 
nector of Figure 2. 

Figure 4 is a cross-sectional view taken along 
Une IV-IV of Figure 3. 

Figure 5 is a plan view of the female end 
connector of Figure 2. 

Figure 6 is a cross-sectional view of Rgure 5. 

Figure 7 is a cross-sectional view taken along 
Une VII-VII of Rgure 6. 

Figure 8 is a longitudinal cross-sectional view 
of the two filter units of Rgure 1 before they are 
compressed by the compression-generating mem- 
ber. 

Rgure 9 is a longitudinal cross-sectional view 
of a second embodiment of a filter system com- 
prising two filter units connected end to end. 

Rgure 10 is a cross-sectional view of two 
mated end connectors of the embodiment of Figure 
9. 

Rgure 11 is a plan view of the male end 
connector of Rgure 10. 

Rgure 12 is a cross-sectional view taken along 
Line XII-XII of Rgure 11. 

Rgure 13 is an enlarged view of a relief slot in 
the male end connector of Rgure 12. 

Rgure 14 is a plan view of the female end 
connector of Figure 10. 

Rgure 15 is a cross-sectional view taken along 
UneXV-XVof Figure 14. 

Rgure 1 is a longitudinal cross-sectional view 
of a first embodiment of a filter system. As shown 
in this figure, two conventional filter units 10 are 
connected end to end and mounted on a support 
13 of an unillustrated fluid system. Fluid to be 
filtered can flow inside-out or, as illustrated, 
outside-in through the filter units 10. For outside-in 
flow, each filter unit 10 may include a cylindrical 
perforated core 12 and a filter element 11, such as 
a pleated element, mounted on the core 12. Alter- 
natively, other types of filter elements, such as a 
hollow, cylindrical mass of fibers, can be em- 
ployed. 

In the illustrated first embodiment, a male end 
connector 20 and a female end connector 30 are 
secured to opposite ends of each filter element 11 
and function as end caps for the filter elements 11. 
The female end connector 30 of the upper filter 
unit 10 in Rgure 1 mates with the male end con- 
nector 20 of the lower filter unit 10. Each end 
connector 20, 30 is equipped with a seal member, 
such as a flat gasket 17. Alternatively, the seal 
member may be any member which forms a fluid- 
tight seal between adjoining end connectors, in- 
cluding, for example, a packing or an O-ring. 

The seal members of mating connectors 20, 30 



are pressed into sealing contact with each other 
and with the end connectors 20, 30 by a 
compression-generating member, e.g., a tie rod 15 
running through the center of the hollow cores 12 

s of the two filter units 10. The tie rod 15 has threads 
formed on its opposite ends. A seal nut 16 screws 
onto the upper end of the tie rod 15 and exerts a 
compressive force on the gasket 17 of the male 
end connector 20 of the upper filter unit 10. The 

w lower end of the tie rod 15 screws into or can be 
permanently attached to an adaptor 14 that is se- 
cured to the base 13. The adaptor 14 has a cir- 
cumferential ridge 14a that supports and is pressed 
tightly against the gasket 17 of the female end 

75 connector 30 of the lower filter unit 1 0. 

Rgure 2 is a cross-sectional view of the two 
mating connectors 20, 30 of the embodiment of 
Rgure 1, Rgure 3 is a plan view of the male end 
connector 20 of Figure 2, and Rgure 4 is a cross- 
20 sectional view taken along Line IV-IV of Figure 3. 
As shown in these figures, the male end connector 

20 has an annular, disk-shaped base 21 with a hole 
21a at its center that serves as a port for fluid flow. 
A cylindrical inner wall 22 surrounding the central 

25 hole 21a and a cylindrical outer wall 23 disposed 
radially outward from the inner wall 22 extend 
upwards from the upper surface of the base 21 in 
Rgure 2. The space between the inner and outer 
walls 22, 23 defines a compartment for a flat, 

30 annular gasket 17. The upper surface of the base 

21 between the two walls 22, 23 defines a sealing 
surface 21b against which the gasket 17 is com- 
pressed to form a fluid-tight seal. A plurality of 
circular ridges 24 project sharply upwards from the 

35 sealing surface 21b of the base 21 to localize and 
thereby increase the pressure and enhance the 
seal between the sealing surface 21b and the gas- 
ket 17. 

A plurality of connecting portions in the form of 

40 tangs 25 project upwards from the upper surface of 
the base 21. The tangs 25 are disposed outside of 
the outer wall 23 in the radial direction of the base 
21. As viewed in plan in Rgure 3, each tang 25 
extends in the circumferential direction of the base 

45 21 over an arc of a circle. In the illustrated first 
embodiment, there are three tangs 25 equally 
spaced from one another in the circumferential 
direction and each tang 25 extends over an arc of 
30*, However, the number and spacing of the 

so tangs 25 and the length of each tang 25 in the 
circumferential direction are not criticat and will 
depend on factors such as the desired strength 
and flexibility of the tangs 25. A latch member in 
the form of an overhanging flange 25a is formed on 

55 and extends radially outward from the upper end of 
each tang 25. 

The entire male end connector 20 is preferably 
an integral member and can be formed of any 
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suitable material. In many cases, the male end 
connector 20 is preferably made of a molded plas- 
tic. The male end connector 20, as well as the 
female end connector 30, preferably also functions 
as an end cap for the filter element. Consequently, 
the end connector can be secured to one end of 
the filter element 11 and the core 12 by any 
suitable method. For example, the end connector 
may be integrally joined to the end of the filter 
element 11 by bonding or welding. The bottom 
surface of the male end connector 20 in Fig. 2 can 
even have grooves or recesses (not shown) formed 
therein for receiving the ends of the filter element 
11 and the perforated core 12 and a potting com- 
pound or adhesive. Alternatively, the end connec- 
tors may function independently of the end caps. 

Figure 5 is a plan view of the female end 
connector 30 of Figure 2, Figure 6 is a transverse 
cross-sectional view of the female end connector 
30 taken along Line Vl-Vl of Figure 5, and Figure 7 
is a cross-sectional view taken along Line VII-VII of 
Figure 6. Like the male end connector 20, the 
female end connector 30 has an annular, disk- 
shaped base 31 having a hole 31a at its center that 
serves as a port for fluid flow. A cylindrical inner 
wall 32 surrounding the central hole 31a and a 
cylindrical outer wall 33 disposed radially outward 
from the inner wall 32 extend perpendicularly from 
the lower surface of the base 31 in Figure 6, i.e., 
the surface facing the male end connector 20 of 
the adjacent filter unit. The space between the 
inner and outer walls 32, 33 defines a compartment 
for a flat, annular gasket 17. The surface of the 
base 31 between the two walls 32, 33 defines a 
sealing surface 31b against which the gasket 17 is 
compressed to form a fluid-tight seal. A plurality of 
circular ridges 34 project sharply from the sealing 
surface 31b of the base 31 to increase the pres- 
sure and enhance the seal between the sealing 
surface 31b and the gasket 17. 

The female end connector 31 may further in- 
clude a plate comprising a flat ring 35 having the 
same outer dimensions as the base 31 but a larger 
inner diameter. The ring 35 preferably is parallel to 
and spaced from the base 31 and is rigidly con- 
nected to the base 31 by the outer wall 33 and a 
plurality of pillars 36 extending from the bottom 
surface of the base 31 . As best shown in Figure 5, 
the ring 35 has a plurality of circumferentially- 
extending slots 37 formed therein that serve as 
connecting portions for connecting the female end 
connector 30 with the male end connector 20. The 
slots 37 are equal in number to the tangs 25 of the 
male end connector 20. Each slot 37 has a first 
section 37a and a second section 37b adjoining the 
first section 37a but having a smaller width in the 
radial direction than the first section 37a. The up- 
per surface of the ring 35 on the radially outer side 



of the second section 37b of each slot 37 defines a 
ledge 35a that serves as a latch member for the 
female end connector 20. The width of each of the 
first sections 37a is greater than the width of the 

5 flanges 25a of the tangs 25 on the male end 
connector 20 and the radial and circumferential 
spacing of the first sections 37a corresponds to 
that of the tangs 25. Consequently, the tangs 25 
can be easily inserted into the first sections 37a of 

to the slots 37. The width of the second sections 37b 
of the slots is greater than the thickness of the 
upwardly extending portions of the tangs 25 but is 
less than the width of the flanges 25a. As a result, 
when the tangs 25 are slid from the first sections 

75 37a into the second sections 37b of the slots 37, 
the flanges 25a of the tangs 25 overlap ledge of 
the ring 35 in the radial direction and prevent the 
male and female connectors 20, 30 from being 
pulled apart. 

20 To prevent the tangs 25 from being inadver- 
tently rotated from the second sections 37b to the 
first sections 37a, a detent or lock mechanism may 
be provided. Although this mechanism can be con- 
figured in a variety of ways, the illustrated first 

25 embodiment includes ramps 38 formed in the slots 
37 at the junction of the first and second sections 
37a and 37b. The ramps 38 can be shaped so as 
to merely increase the resistance to circumferential 
movement by the tangs 25, or they can be shaped 

30 so as to completely prevent the movement of the 
tangs 25 from the second sections 37b of the slots 
37 into the first sections 37a. However, the circum- 
ferential length of the second section 37b of each 
slot is preferably greater than the circumferential 

35 length of each tang 25 to permit some play be- 
tween mated end connectors 20, 30. 

Like the male end connectors 20, the female 
end connectors 30 are preferably integral members 
and can be made of the same materials as the 

40 male end connectors 20, such as a molded plastic. 
Each female end connector 30 preferably functions 
as an end cap and may be secured to the opposite 
end of the filter element 11 from the male end 
connector 20 by any suitable method. For example, 

45 the end connector may be integrally joined to the 
end of the filter element 11 by bonding or welding. 
Again, the upper surface of the base 12 of the 
female end connector 10 can even have recesses 
(not shown) formed therein for receiving the ends 

so of a filter element 11 and filter core 12 and a 
potting compound or adhesive. 

In a preferred mode of operation, two filter 
units 10 can be joined together manually by insert- 
ing the tangs 25 of a male end connector 20 of one 

55 filter unit 10 into the first sections 37a of the slots 
37 of a female end connector 30 of another filter 
unit 10. The bottom surface of the ring 35 of the 
female end connector 30 is preferably bevelled 



4 



7 



EP 0 487 831 A1 



8 



along its periphery to make it easier to insert the 
tangs 25 into the slots 37 in the ring 35. When the 
flanges 25a of the tangs 25 have passed through 
the first sections 37a, the filter units 10 are then 
rotated with respect to one another so that the 
tangs 25 of the male end connector 20 slide cir- 
cumferentially over the ramps 38 of the female end 
connector 30 and enter the second sections 37b of 
the slots 37. In this state, the latch members, i.e., 
the flanges 25a of the end tangs 25 and the ledge 
35a of the ring 35 overlap in the radial direction, so 
the connectors 20, 30 cannot be detached from 
one another by axial loads acting on the filter units 
10. 

Figure 8 shows two filter units 10 that have 
been connected to one another to form a two-high 
stack but have not been compressed by the 
compression-generating member. Additional filter 
units 10 may be connected to produce a three- 
high, four-high, five-high or even larger stack. The 
tangs 25, ring 35, and pillars 36 of each end 
connector 20, 30 are strong enough to support the 
weight of a plurality of filter units 10, so the entire 
stack can be lifted from the upper end of the stack 
without damage to the end connectors 20, 30. 

In the state shown in Figure 8, the tangs 25 of 
the male end connector 20 of each lower filter unit 
10 rest on the flat ring 35 of the female end 
connector 30 of an adjacent upper filter unit 10. 
The dimensions of the components of the male and 
female connectors 20, 30, e.g., the axial length of 
the tangs 25, flanges 25a, and the pillars 36 and 
the thickness of the ring 35 and the gaskets 17, 
may be designed to produce a snug fit between 
connected filter units 10. While contact between 
the flanges 25a of the tangs 25 and the ledge of 
the ring 35 may be sufficient to produce a snug fit, 
this fit is not sufficient to provide adequate sealing 
force to form a fluid-tight seal between the gaskets 
17 or between the gaskets 17 and the sealing 
surfaces 21b, 31b. However, a snug fit can provide 
significant structural rigidity, maintaining the stack 
of filter units 10 substantially straight and facilitat- 
ing manipulation of the stack. 

Alternatively, the dimensions of the compo- 
nents of the male and female connectors 20, 30 
may be designed to produce a loose fit between 
connected filter units 10. With a loose fit, contact 
between the flanges 25a of the tangs 25 and the 
ledge of the ring 35 would clearly not be sufficient 
to provide adequate sealing force to form a fluid- 
tight seal between the gaskets 17 or between the 
gaskets 17 and the sealing surfaces 21b, 31b. For 
example, the opposing gaskets 17 of the mated 
connectors 20, 30 might even be separated by a 
gap 18. A stack of loose-fitting filter units may have 
more play between adjoining filter units and, there- 
fore may be more difficult to manipulate than a 



stack of snug-fitting filter units. However, filter units 
designed for a loose fit may be less expensive to 
manufacture because the tolerances required for a 
loose fit are much less stringent than the toleran- 

5 ces required for a snug fit. 

Once the filter units 10 have been connected, 
the stack, e.g., the two-high stack of Figure 8, can 
be lowered into a filter housing. A compression- 
generating member, such as the tie bolt 15, is then 

70 installed to exert an axial sealing force on the filter 
units 10 so as to seal the gaskets 17 of the mated 
end connectors 20, 30 against each other and 
against the sealing surfaces 21b, 31b of the end 
connectors 20, 30. The outer peripheral surface of 

75 the outer wall 23 of each male end connector 20 
and the inner peripheral surface of the outer wall 
33 of each female end connector 30 are preferably 
bevelled to prevent interference between the two 
outer wails 23, 33 when the gaskets 17 are com- 

20 pressed by the compression-generating member. 

Alternatively, the filter housing may require 
only a one-high stack, i.e., a single filter unit 10. 
Once the one-high stack has been fitted in the 
housing, the compression-generating member can 

25 be installed to generate an axial sealing force on 
the single filter unit. For example, the tie bolt 15 
can be inserted through a single filter unit 10 and 
then threaded to the seal nut 16, sealing the gas- 
kets 17 at the end connectors 20,30 against the 

30 adapter 14 and the seal nut 16. 

Effectively all compressive sealing forces are 
generated by the compression-generating member 
and virtually none are generated by the end con- 
nectors. A gap 19 may even develop between the 

35 radially overlapping surfaces of the flanges 25a of 
the tangs 25 of each male end connector 20 and 
the ledge of the ring 35 of the adjoining female end 
connector 30. Although the compression-generating 
member of the illustrated embodiment comprises a 

40 tie bolt 15 running down the center of the stack 
and a nut 16 fastened to the bolt 15, other types of 
compression-generating members may be em- 
ployed. For exarnple, the compression-generating 
member may comprise a spring that imposes an 

45 axial force along the filter units to seal them against 
one another. Alternatively, the filter housing itself 
may serve as the compression-generating member. 

Once the filter units 10 have been sealed 
against one another by the compression-generating 

so member and the filter housing has been secured, 
fluid, i.e., either a liquid or a gas, may bh directed 
through the stack of filter units. For example, in the 
illustrated embodiment, the fluid is directed into the 
housing, radially inward through the filter elements 

55 11 of the filter units 10, through the perforations in 
the cores 12, and into the hollow centers of the 
perforated cores 12. Once it is inside the cores 12, 
the filtrate flows axially along the filter units 10, 
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through the central holes 21a, 31a of the end 
connectors 20, 30, and through passages formed in 
the adapter 14. In a preferred embodiment, the 
diameter of the tie rod 15 is small compared to the 
inside diameter of the hollow cores 12 through 
which the filtrate flows, so generally the tie rod 15 
does not substantially obstruct flow through the 
cores 12, especially when the filtrate flow rate is 
relatively low. However, in cases when the pres- 
ence of a tie rod 15 inside the center of the cores 
12 is objectionable, the tie rod 15 can be replaced 
by a compression-generating member which does 
not obstruct flow, such as by a plurality of tie rods 
mounted external to the filter units 10. 

These filter units offer numerous advantages. 
For example, the sealing force between the gaskets 
17 and between the gaskets 17 and the sealing 
surfaces 21b, 31b is generated by the 
compression-generating member rather than the 
end connectors 20, 30 of the filter units 10. Con- 
sequently, the sealing force between each filter unit 
10 is highly uniform, providing a very reliable seal. 
Further, because the compression-generating 
member provides the sealing force, the loads act- 
ing on the end connectors 20, 30 are very small. 
Consequently, there is little likelihood of the tangs 
25, pillars 36, or rings 35 breaking, further enhanc- 
ing the reliability of the connection. Further, these 
members can have a light-weight structure, reduc- 
ing the overall weight of the filter unit 10. In addi- 
tion, the accuracy of the dimensions of the end 
connectors 20,30 is not critical so they can be 
easily and inexpensively manufactured. 

The filter units can have configurations other 
than those illustrated in the embodiment of Figures 
1 - 8. For example, Figures 9-15 illustrate a 
second embodiment. Figure 9 is a longitudinal 
cross-sectional view of a two-high stack of filter 
units. As in the embodiment of Figure 1 , two filter 
units 10 are connected end to end and mounted on 
a base 13 of an unillustrated filter system. Each 
filter unit 10 has a male end connector 50 secured 
to one end and a female end connector 60 secured 
to its other end, the end connectors 50 and 60 
serving as end caps for the filter units 10. The 
female end connector 60 of the upper filter unit 10 
in Figure 9 engages with the male end connector 
50 of the lower filter unit 10 to form the two-high 
stack. Each end connector 50, 60 is equipped with 
a seal member in the form of a gasket 17, and the 
gaskets 17 of mating end connectors are com- 
pressed against each other by a compression-gen- 
erating member, such as a tie rod 15 which ex- 
tends through the hollow centers of the filter units 
10 and a seal nut 16 which is screwed on the 
upper end of the tie bolt 15. In addition, the com- 
pressive force seals the gasket 17 of the male end 
connector 50 of the upper filter unit 10 against the 



nut 16 and seals the gasket 17 of the female end 
connector 60 of the lower filter unit 10 against the 
circumferential ridge 14a of an adaptor 14 that is 
secured to the base 13 and receives the lower end 
5 of the tie bolt 15. 

The embodiment of Figure 9 differs from the 
first embodiment principally with respect to the 
shape of the connecting portions of the end con- 
nectors 50, 60. Figure 10 is a cross-sectional view 
10 of the male end connector 50 and the female end 
connector 60 of Figure 9 in a mated state, Figure 
11 is a plan view of the male end connector 50 of 
Figure 10, and Figure 12 is a cross-sectional view 
of the male end connector 50 of Figure 11. As 
75 shown in these figures, the male end connector 50 
has a disk-shaped base 51 with a hole 51a at its 
center that serves as a port for fluid flow. A cylin- 
drical inner wall 52 surrounding the hole 51a and a 
connecting portion in the form of arcuate tangs 54 
20 disposed outward from the inner wall 52 in the 
radial direction of the base 51 extend upwards from 
the upper surface of the base 51 in Figure 10. The 
space between the inner wall 52 and the tangs 54 
defines a compartment for a flat, annular gasket 17, 
25 and the upper surface of the base 51 within the 
compartment defines a sealing surface 51 b against 
which the gasket 17 can be compressed to form a 
fluid-tight seal. A plurality of circular ridges 53 
project sharply upwards from the sealing surface 
30 51b of the base 51 to increase the pressure and 
enhance the seal between the sealing surface 51 b 
and the gasket 17. 

As shown in Figure 11, the tangs 54 extend 
circumferentially around the base 51 and are sepa- 
35 rated from one another by slits 55. As shown in 
Figure 13, which is a side view of a portion of the 
male end connector 50, each slit 55 extends from 
the top of the tangs 54 down to the base 51 . Each 
tang 54 has a wall portion extending upwards from 
40 the base 51 and an overhanging flange 54a formed 
at the upper end of the wall portion and extending 
radially outward therefrom. The flange 54a serves 
as a latch member. The length of each tang 54 in 
the circumferential direction is not critical, but 
45 should be such as to permit the flange 54a of the 
tang 54 to deflect in the radial direction of the end 
connector 50. It is possible to employ a single tang 
54 extending for 360 degrees without interruption 
around the base 51 . However, the use of a plurality 
so of tangs 54 separated by slits 55 permits the 
drainage of fluids that would otherwise accumulate 
between the mated end connectors 50, 60. In addi- 
tion, a plurality of tangs 54 extending only partway 
around the base 51 generally has greater flexibility 
55 than a single uninterrupted tang extending entirely 
around the base 51 , making it easier to engage and 
disengage the end connectors 50, 60. In the 
present embodiment, each tang 54 extends for 
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approximately 177 degrees in the circumferential 
direction, and each slit 55 spans approximately 3 
degrees. 

The entire male end connector 50 is preferably 
an integral member and further functions as an end 
cap. It can be made of any material suitable for use 
as an end cap of a filter unit, such as a molded 
plastic. Unillustrated recesses can be formed in the 
bottom surface of the base 51 for receiving an end 
of the filter element 11 and the core 12 and a 
potting compound or an adhesive. 

Figure 14 is a plan view and Figure 15 is a 
cross-sectional view of the female end connector 
60 of Figure 10. Like the male end connector 50, 
the female end connector 60 has a disk-shaped 
base 61 having a hole 61a at its center that serves 
as a port for fluid flow. A cylindrical inner wall 62 
that surrounds the hole 61a and an intermediate 
wall 63 disposed radially outward from the inner 
wall 62 extend perpendicularly from the lower sur- 
face of the base 61 in Figure 10 (the surface facing 
the male end connector 50). The space between 
the inner wall 62 and the intermediate wall 63 
defines a compartment for a flat, annular gasket 17, 
and the surface of the base 61a in the compart- 
ment defines a sealing surface 61b against which 
the gasket 17 is compressed to form a fluid-tight 
seal. A plurality of circular ridges 64 project sharply 
from the sealing surface 61b of the base 61 to 
increase the pressure and enhance the seal be- 
tween the sealing surface 61b and the gasket 17. 

As shown in Figure 14, the intermediate wall 63 
is divided into a plurality of arcuate sections, each 
of which extends in the circumferential direction of 
the base 61 over an arc of a circle. In the illustrated 
second embodiment, each section spans approxi- 
mately 60 degrees in the circumferential direction, 
but the exact dimensions and the number of sec- 
tions in the intermediate wall 63 are not critical. 
The intermediate wall 63 can also comprise a sin- 
gle uninterrupted member extending for 360 de- 
grees in the circumferential direction. 

A cylindrical outer wall 65, which serves as the 
connecting portion of the female end connector 60, 
is formed on the bottom surface of the base 61 
along its outer periphery. The outer wall 65 is 
preferably interrupted periodically by slits 66 which 
extend from the top of the outer wall 65 to the base 
61 . The slits 66 in the outer wall 65 serve the same 
purpose as the slits 55 in the tangs 54, allowing 
fluid drainage and increasing the flexibility of the 
outer wall 65. In the illustrated second embodi- 
ment, the outer wall 65 is divided into three sec- 
tions by the slits 65, the three sections collectively 
extending for approximately 354 degrees along the 
periphery of the base 61 , and the slits 66 collec- 
tively spanning approximately 6 degrees. However, 
the circumferential length of each section of the 



outer wall 65 and the width of the slits 66 is not 
critical. 

An overhanging flange 67 which projects radi- 
ally inwardly from the outer wall 65 is formed on 

5 the upper end of the outer wall 65, preferably at 
intervals in the circumferential direction of the outer 
wall 65. Thus, the flange 67 has a generally arcuate 
configuration. The flange 67 serves as the latch 
member of the female end connector 60 for en- 

10 gagement with the flanges 54a of the tangs 54 of 
the male end connector 50, and the space defined 
by the outer wall 65 the intermediate wall 63 and 
the base 61 serves as a socket 68 for receiving the 
tangs 54. Each flange 67 extends over an arc of a 

75 circle in the circumferential direction of the outer 
wall 65. In the illustrated second embodiment, each 
flange 67 extends for approximately 60 degrees 
and is disposed in the gap between two sections of 
the intermediate wall 63, but the length and dis- 

20 position of the flanges 67 can be varied. 

Like the male end connector 50, the female 
end connector 60 is preferably an integral member 
and further functions as an end cap. Consequently, 
it can be formed of the same materials as the male 

25 end connector 50. Grooves for receiving an end of 
the filter element 11 and the perforated core 12 
and a potting compound or adhesive can be 
formed in the top surface of the base 61 of the 
female end connector 60 in Figure 15. 

30 In a preferred mode of operation, the male and 
female end connectors 50, 60 are engaged by 
pressing them against one another, i.e., exerting an 
axial force until the tangs 54 on the male end 
connector 50 enter the socket 68 of the female end 

35 connector 60. The diameter at the inner periphery 
of the flanges 67 of the female end connector 60 is 
smaller than the diameter at the outer periphery of 
the flanges 54a of the male end connector 50. 
Therefore, in order to insert the tangs 54 into the 

40 socket 68, the tangs 54 of the male end connector 
50 and/or the outer wall 65 of the female end 
connector 60 must bend enough in the radial direc- 
tion for the flange 54a of the tangs 54 to slide past 
the flanges 67 of the outer wall 65 of the female 

45 end connector 60. To help guide the tangs 54 into 
the socket 68, the outer periphery of the flanges 
54a of the tangs 54 and the inner periphery of the 
flanges 67 of the outer wall 65 are bevelled. Once 
the flanges 54a of the tangs 54 have slid past the 

so flanges 67 of the outer wall 65, the tangs 54 and 
the outer wall 65 spring back to their ordinal posi- 
tions. The thickness of the walls of the tangs 54, 
the thickness of the outer wall 65, and the circum- 
ferential spacing of the slits 55, 66 are chosen so 
55 that the tangs 54 and/or the outer wall 65 can 
deflect radially by the required amount for engage- 
ment of the tangs 54 with the flanges 67 of the 
outer wall 67 without excessive stresses being ex- 
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erted thereon. 

Once the tangs 54 have been inserted into the 
socket 68 of the female end connector 60, the 
flanges 54a of the tangs 54 and the flanges 67 of 
the outer wall 65 overlap one another in the radial 5 
direction of the end connectors. As in the first 
embodiment, the components of the male and fe- 
male end connectors 50, 60 may be designed to 
produce a snug fit or a loose fit, but in either case 
contact between the flanges 54a, 67 of the end to 
connectors does not provide adequate sealing 
force to form a fluid-tight seal between the gaskets 
17 or between the gaskets 17 and the sealing 
surfaces 51b, 61b. However, the amount of overlap 
of the flanges 54a, 67 is sufficient to prevent the 15 
two end connectors 50, 60 from becoming easily 
disconnected from one another. The flanges 54a t 
67 are strong enough to support the weight of a 
plurality of filter units 10, so that when a plurality of 
filter units 10 are connected end to end by means 20 
of the end connectors 50, 60 to form a stack, the 
entire stack can be lifted by grasping the filter unit 
10 at the upper end of the stack. 

However, the tangs 54 of the male end connec- 
tor 50 and the outer wall 65 and the flanges 67 of 25 
the female end connector 60 are sufficiently flexi- 
ble that the two end connectors 50, 60 can be 
disconnected from one another when desired by 
manually exerting a bending load on the connected 
filter units 10. The end connectors 50, 60 are 30 
preferably sufficiently durable to be disconnected 
without damage to the tangs 54 or the flanges 67 
of the outer wall 65. 

The socket 68 extends without obstructions for 
360 degrees around the female end connector 60, 35 
so when the gaskets 17 are not under compression 
the male and female end connectors 50, 60 can be 
freely rotated with respect to one another. By al- 
lowing relative rotation of the end connectors it is 
possible to prevent damage to the end connectors 40 
if a torque should be applied to one filter unit 10 of 
the stack installation. 

A fluid-tight seal between mated end connec- 
tors 50, 60 is attained by compression of the 
gaskets 17 against each other and against the 45 
sealing surfaces 51b, 61b of the end connectors 50 
and 60. The compressive force is produced sub- 
stantially entirely by a compression-generating 
member, e.g., the tie rod 15 and bolt 16 of Figure 
9. In preferred embodiments, substantially no com- 50 
pressive force is exerted by the two end connec- 
tors 50, 60. As in the first embodiment, a gap 19 
may even develop between the flanges 54a, 67 
when the compression-generating member presses 
the gaskets 17 in sealing contact with each other 55 
and with the sealing surfaces 51b and 61b. 

The embodiment of Figures 9-15 provides 
advantages similar to those provided by the em- 



bodiment of Figures 1 - 8. In addition, the second 
embodiment provides the further benefit that mated 
end connectors can be rotated with respect to one 
another, so the possibility of breakage of the end 
connectors during installation is further reduced. 

Although the present invention has been de- 
scribed with reference to two embodiments, other 
embodiments and modifications are within the 
scope of the invention. For example, in the above- 
described embodiments, both the male and female 
end connectors are used as the end caps of filter 
units 10. However, the end connectors can be 
independent of the end caps. For instance, in the 
embodiment of Figure 1, the adaptor 14 for sup- 
porting the lower end of the stack of filter units 10 
to the base 13 could be replaced by a male end 
connector secured to the base 13, and the lower 
end of the tie bolt 15 could be secured to this male 
connector by a nut. 

Also, in the preceding embodiments, each filter 
unit 10 is equipped with one male end connector 
and one female end connector. However, it is pos- 
sible to instead equip each filter unit with two end 
connectors of the same type, such as two male 
end connectors or two female end connectors. A 
plurality of such filter units can be connected in 
series such that filter units having two male end 
connectors alternate with filter units having two 
female end connectors. 

Claims 

1. A filter unit comprising: 

a filter element having first and second 
ends; 

first and second end connectors respec- 
tively positioned at the first and second ends 
of the filter element, each end connector in- 
cluding a sealing surface and a connecting 
portion having a latch member; and 

a seal positioned at the sealing surface of 
at least one of the first and second end con- 
nectors, the first end connector being connec- 
table to a second end connector of an identical 
filter unit by an engagement of the connecting 
portions of the end connectors in which the 
latch members overlap in a radial direction, the 
first and second end connectors being ar- 
ranged such that contact between the latch 
members applies insufficient force on the seal 
to provide a fluid-tight connection between the 
filter units. 

2. A filter unit as claimed in claim 1 wherein the 
first end connector further includes a base, 
wherein the connecting portion of the first end 
connector comprises a tang which has a wall 
portion extending away from the base, and 
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wherein the latch member of the first end 
connector comprises a flange which extends 
away from the wail portion. 

3. A filter unit as claimed in claim 2 wherein the 
connecting portion of the second end connec- 
tor comprises a plate having a slot for receiv- 
ing the tang of the first end connector and 
wherein the latch member of the second end 
connector comprises a ledge of the plate adja- 
cent to the slot. 

4. A filter unit as claimed in any preceeding claim 
wherein the first end connector includes a plu- 
rality of tangs circumferentially spaced from 
one another, wherein the second end connec- 
tor includes a plurality of slots correspondingly 
circumferentially spaced from one another, and 
wherein each slot comprises first and second 
circumferentially extending sections which 
communicate with one another, the first section 
having a width greater than the flange of the 
first end connector and the second section 
having a width less than the flange of the first 
end connector. 

5. A filter unit as claimed in claim 1 or 2 wherein 
the second end connector further comprises a 
base, wherein the connecting portion of the 
second end connector comprises a wall ex- 
tending away from the base, and wherein the 
latch member of the second end connector 
comprises a flange extending away the wall. 

6. A filter unit as claimed in claim 5 wherein the 
wall has a generally cylindrical configuration 
and the flange has a generally arcuate configu- 
ration. 

7. A filter unit as claimed in claim 5 or 6 wherein 
the wall comprises a plurality of sections and a 
plurality of slits separating the sections. 

8. A filter unit as claimed in any preceeding claim 
wherein the first and second end connectors 
respectively comprise first and second end 
caps respectively sealed to the first and sec- 
ond ends of the filter element. 

9. A filter unit as claimed in any preceeding claim 
wherein the first and second end connectors 
are integrally joined to the first and second 
ends of the filter element, respectively, and 
serve as end caps. 

10. A filter unit as claimed in claim 1 wherein the 
seal comprises first and second seal members 
respectively positioned at the sealing surfaces 



of the first and second end connectors. 

11. A filter system comprising: 

a first filter unit having a first end connec- 
5 tor which includes a first sealing surface and a 

first connecting portion having a first latch 
member; 

a second filter unit having a second end 
connector which includes a second sealing 

10 surface and a second connecting portion hav- 
ing a second latch member, the second end 
connector being connected to the first end 
connector by an engagement of the connecting 
portions in which the latch members overlap in 

75 a radial direction; 

a seal disposed between the sealing sur- 
faces of the first and second end connectors, 
contact between the latch members of the first 
and second end connectors applying insuffi- 

20 cient force against the seal to provide a fluid- 

tight connection between the filter units; and 

a compression-generating member coup- 
led to the filter units and arranged to press the 
sealing surfaces of the first and second end 

25 connectors into sealing contact with the seal 

member. 

12. A filter system as claimed in claim 11 wherein 
the overlapping latch members of the first and 

30 second connecting portions are separable by a 

gap when the sealing surfaces are in sealing 
contact with the seal member. 

13. A filter system as claimed in claim 11 or 12 
35 wherein the first and second connectors each 

include a base, wherein the first connecting 
portion is integrally formed with the first base, 
and wherein the second connecting portion is 
integrally formed with the second base. 

40 

14. A filter system as claimed in claim 11, 12, or 
1 3 wherein: 

the first and second connecting portions 
each include a base; 

45 the first connecting portion comprises a 

tang having a wall portion extending from the 
first base and the first latch member comprises 
a flange extending from the wall portion; and 
the second connecting portion comprises a 

so plate spaced from and connected to the sec- 
ond base and having a circumferehtially ex- 
tending slot for receiving the tang of the first 
connecting portion and the second latch mem- 
ber comprises a ledge of the plate adjacent to 

55 the slot, the slot comprising a first section 
having a width greater than the flange of the 
tang and a second section adjoining the first 
section and having a width less than the flange 
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of the tang. 

15. A filter system as claimed in claim 14 further 
comprising means for providing resistance to 
movement by the tang between the first and 
second sections of the slot. 

16. A filter system as claimed in claim 11, 12, or 
13 wherein: 

the first and second connectors each in- 
clude a base; 

the first connecting portion comprises a 
tang having a wall portion extending from the 
first base and the first latch member comprises 
a flange extending from the wall portion; 

the second connecting portion comprises a 
wall extending from the second base and the 
second latch member comprises a flange ex- 
tending from the wall; and 

at least one of the first connecting portion 
and the second portion is deformable to permit 
the flange of the first connecting portion to 
slide past the flange of the second connecting 
portion. 

17. A filter system as claimed in any proceeding 
claim wherein the seal member includes an 
annular gasket. 

18. A filter system as claimed in any proceeding 
claim wherein the seal member comprises first 
and second seals mounted on the first and 
second sealing surfaces, respectively, the 
seals being separable by a gap when the latch 
members of the first and second connecting 
portions are in contact. 

19. A filter system as claimed in any proceeding 
claim wherein each of the sealing surfaces has 
a projection formed thereon for increasing the 
sealing force between the sealing surface and 
the sealing member. 

20. A filter system as claimed in any one of claims 
11-19 wherein the first and second end con- 
nectors comprise first and second end caps 
secured to the first and second filter units, 
respectively. 

21. A filter system as claimed in any one of claims 
11-21 wherein each filter unit includes a filter 
element and each end connector is integrally 
joined to an end of the filter element and 
serves as an end cap. 

22. A filter system as claimed in any one of claims 
11-21 wherein each of the end connectors has 
a central hole for the passage of fluid through 



the end connector, and the connecting portion 
of the end connector is disposed radially out- 
ward from the central hole. 

5 23. A filter system as claimed in claim 22 wherein 
the compression-generating member com- 
prises a tie rod which extends through the 
holes in the end connectors. 

w 24. A filter system as claimed in any one of claims 
11-22 wherein the compression-generating 
member comprises a tie rod which extends 
along the first and second filter units. 

15 25. A filter system as claimed in claim 24 wherein 
each filter unit has a hollow configuration and 
each end connector has a central hole and 
wherein the tie rod extends through the center 
of the filter units and end connectors. 

so 
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